Laboratory tests were conducted on black cotton soil treated with up to 16% Cement Kiln Dust (CKD) by dry weight of soil to assess its suitability for use in waste containment application. Specimens were prepared at molding water contents -2%, 0%, +2% and +4% of the optimum moisture content at the compactive energy levels of British Standard Light (BSL) and West African Standard (WAS). Index properties, hydraulic conductivity (k), volumetric shrinkage strain (VSS) and unconfined compressive strength (UCS) tests were carried out. Results obtained showed slight changes in index properties. Hydraulic conductivity values recorded at both BSL and WAS produced satisfactory results that met the regulatory 1x10 -9 m/s requirement at all treatment levels. The UCS values after 4% CKD treatment especially at WAS compactive energy level met the minimum regulatory value of 200kN/m 2 for shear strength. VSS values recorded met the regulatory requirement of less than 4% volumetric shrinkage strain at 16% CKD content for BSL and 12 and 16% CKD contents for WAS energy level. The overall acceptance zone for CKD treated black cotton soil was achieved at 12 and 16% cement kiln dust content for specimen prepared at molding water content range of 16.7-21.6% and 17.2-19.3 % respectively.
INTRODUCTION
Compacted soil liners are normally used as an integral component of the lining system, to impede the transport of contaminants, to cover landfills, municipal and hazardous waste impoundments, and also to cap new or old waste disposal units Benson 1999; Albrect and Benson 2001) . Solid waste consist of materials, which are classified according to their physical and chemical properties as garbage, rubbish, trash, junks and ashes. (Hagerty et al, 1973) . The feasibility, environmental suitability and performance of the beneficial reuse of industrial and agricultural waste material are increasingly being investigated by researchers. Some of these materials include plastics, glass, scrap tires, fly Ash, cement kiln dust etc.
Other materials used as liners or cover in waste containment systems. Includes natural clayey soils, includes, processed clay/sand-processed clay mixtures, Geosynthetic materials and industrial waste products. (Bowders et al, 1987; Frebrer 1996; Abichon et al, 2002; Albrecht and Benson, 2001) . Furthermore, Studies have been carried on the use of compacted lateritic soil as liners and cover in waste containment application (Liman, 2009; Nwaiwu, 2005, 2005a,b; Osinubi and Eberemu, 2006; Osinubi and Eberemu, 2009b; Osinubi and Amadi, 2006; Amadi, 2009, 2010; Amadi, 2006 and Eberemu, 2006) . Lime had been used to stabilize the hydraulic conductivity of clay against chemical attack by organic solutions (Broderick and Daniel 1990) , and as an additive to reduce the hydraulic conductivity of fly ash (Bowders and Daniel, 1987) .
Cement kiln dust (CKD) is an industrial waste from cement production. The quantities and characteristics of CKD generated depend upon a number of operational factors and characteristics of the inputs to the manufacturing process. Although the relative constituent's concentrations in CKD can vary significantly, CKD has certain physical characteristics that are relatively consistent. When managed on site in a waste pile, CKD can retain these characteristics within the pile while developing an externally weathered crust, due to absorption of moisture and subsequent cementation of dust particles on the surface of the pile (Liman, 2009) . The ability of the CKD to absorb water stems from its chemically dehydrated nature, which results from the thermal treatments it receives in the system. the action of absorbing water (rehydrating) releases a significant amount of heat from non-weathered crust, a phenomenon that can be exploited in beneficial reuse in order to improve the inadequacy of some avoidable extensive clay material for use waste containment facilities.
Expansive soils are also referred to as "black cotton soil" in some parts of the world. They are so named because of their suitability for growing cotton. Black cotton soils have colors ranging from light grey to dark grey and black. Black cotton soils are confined to the semi arid regions of tropical and temperate climatic zones and are abundant where the annual evaporation exceeds the precipitation (Chen, 1975; Waen and Kirly; 2004) , Balogun (1991) reported that black cotton soils occur in continuous stretches as superficial deposits and are typical of flat terrains with poor drainage. The absence of quartz in the clay mineralogy enhances the formation of fine-grained soil material, which is impermeable and waterlogged. Morin (1971) reported that the Lake Chad Basin is the only extensive lacustirne deposit of black cotton soil in Africa. The black cotton soils of North Eastern Nigeria were laid during the tertiary and quaternary periods of the Chad formation and are composed of a sequence of lacustrine and fluviatile clays and sands of Pleistocene age. These sediments (lacustrine sands, lagoonal clays, deltaic sands and clays, beach sands and gravels as well as aeolian sands) underlie the country North and East of Abakire and extend along the plains of Borno and Lake Chad and beyond (Ola, 1983) . It was also reported that black cotton soils occupy an estimated area of 104 x 10 3 km 2 in Northeastern Nigeria. The mineralogy of this soil is dominated by the presence of montimorillonite which is characterized by large volume change from wet to dry seasons and vice versa. Deposits of black cotton soil in the field show a general pattern of cracks during the day season of the year. Cracks measuring 70mm wide and over 1m deep have been observed and may extend up to 3m or more in case of high deposit (Adeniji 1991) .
Research work has been carried out on the improvement of geotechnical characteristics of black cotton soil with very little success using bagasse ash pozzolana ( Ijimdiya, 2009 ). However, no work has been done on the use of CKD treated black cotton soil in waste containment applications. The study was aimed at the evaluation of the suitability of compacted black cotton soil treated with CKD for use in waste containment applications; typical oxide composition of the cement kiln dust is shown in tables.1. 
MATERIALS AND METHODS

Materials:
Black Cotton Soil: The soil used in this study is dark grey in colour and is known as black cotton soil, it was obtained along New-Marte road in Bayo Local Government Area of Borno State using the method of disturbed sampling. The location lies along (latitude 10° 19'N and longitude 11° 30'E) . Specimens were varied with 0, 4, 8, 12 and 16% of cement kiln dust by dry weight of soil.
Cement Kiln Dust:
The cement kiln dust used was obtained from freshly deposited heaps of the waste at the Ashaka cement production plant located in Nafada Local Government Area of Gombe state, Nigeria. The CKD was sieved through Bs sieve No. 200 and was stored in air-tight containers before usage.
Methods
Index Properties: Laboratory tests were conducted to determine the index properties of the natural soil and soil -cement kiln dust mixtures in accordance with British Standards BS 1377 ) and BS 1924 respectively. A summary of the soil index properties is presented in Table 2 . The tests involving moisturedensity relationship, volumetric shrinkage, unconfined compressive strength (UCS), and hydraulic conductivity. Air dried soil samples passing through BS sieve with 4.76mm aperture mixed with 0%, 4%, 8%, 12% and 16% cement kiln dust by weight of dry soil were used. The British standard light is the effort derived from 2.5kg rammer falling through 30cm onto three layers, each receiving 27 uniformly distributed blows; (BS 1990) The West African standard compactive effort (WAS), carried out using energies derived from a rammer of 4.5 kg mass falling through a height of 45 cm in a 1000 cm 3 mould. The soil was compacted in five layers, each layer receiving 10 blows.
Hydraulic Conductivity: This was measured using the rigid wall permeameter under falling head condition as recommended by Head (1992) . A relatively short sample was connected to a standpipe, which provided the head of water flowing through the sample. Compacted soil -CKD samples at the different CKD contents (0%, 4%, 8%, 12% and 16%) and different molding water contents (-2%, 0%, +2% and +4% of the OMC, respectively) using the BSL and WAS compactive efforts. Specimens were soaked in a water tank for a minimum period of 24 hours to allow for full saturation and the samples were restrained from swelling vertically during saturation. The fully saturated test specimen was then connected to a permeant liquid (tap water). During permeation, test specimens were free to swell vertically (i.e., no vertical stress was applied). Hydraulic gradient ranged from 5 to 15.Test were only discontinued when hydraulic conductivity readings were steady.
Unconfined Compressive Strength:
This test was carried out in accordance with British Standards (BS 1990) . Unconfined compressive strength (UCS) test were performed on cylindrical specimens 38.1mm in diameter and length of 76.2mm. This ensured testing of soil specimens with length to diameter ratio of 2. Air dried soil -CKD mixtures were compacted at -2%, 0%, +2% and +4% of the optimum moisture content (OMC) and maximum dry density of the BSL and W AS energy levels. After each compaction, the soil was extruded from the mould and sealed in polythene bag to minimize moisture loss, and kept for a period of 48 hours to allow for uniform moisture distribution and curing, at a constant temperature of 25 ± 2ºC. After curing specimens they were placed in a load frame UCS machine driven strain controlled at 0.10%/min until failure occurred. Three specimens were averagely prepared for each test.
Volumetric Shrinkage: The volumetric shrinkage upon drying was measured by extruding cylindrical specimens, compacted using the BSL and WAS energy levels. Air dried soil -CKD mixtures were compacted at -2%, 0%, +2% and +4% of the optimum moisture content (OMC). The extruded cylindrical specimens were placed on a laboratory bench at a uniform temperature of 29 ± 2ºC for 30 days to dry naturally. This method is considered to be better than the method used by Daniel and Wu (1993) in which compacted cylindrical specimens were made dry in an air-conditioned building. This is because natural drying in the laboratory is considered to duplicate field conditions. Measurements of diameters and heights for each specimen were taken with the aid of a vernier caliper accurate to 0.05mm. The average diameters and heights were used to compute the volumetric shrinkage strain.
RESULTS AND DISCUSSION
Index Properties: Results of tests carried out on the natural soil are summarized in Table. 1. The soil is classified under the A -7 -6 subgroup of the AASHTO classification system. Liquid limit and plasticity index values of 67.5 % and 44.7 %, respectively, suggest that the soil is highly plastic. Thus, from the results obtained, the soil falls below the standard recommended for most geotechnical works (Butcher and Sailie, 1984) .
Maximum Dry Density:
The MDD for the BSL and WAS compactive effort is in conformity with the trend of decreasing OMC with increasing MDD. This is as a result of CKD occupying the void within the soil matrix and in addition, the flocculation and agglomeration of the clay particle due to exchange of ions (Osinubi, 2000 a; Moses, 2008; Oriola and Moses, 2010) . While the final decrease in MDD for BSL compactive effort can be attributed to CKD, a low specific gravity material replacing the soil material which has a high specific gravity (Osinubi and Stephen 2007) .
Optimum Moisture Content:
For specimens compacted at the British standard light and West African Standard energy levels, a decrease in OMC was recorded this is probably due to selfdesiccation in which all the water was used, resulting in low hydration. When no water movement to or from cement -paste is permitted, the water is used up in the hydration reaction, until too little is left to saturate the solid surfaces and hence the relative humidity within the paste decreases. The process described above might have affected the reaction mechanism of CKD treated black cotton soil Stephen 2007, Moses 2008 ).
Hydraulic Conductivity: Hydraulic conductivity is the key parameter affecting performance of liners and cover (Daniel 1987 .The relationship between hydraulic conductivity and molding water content is shown in Fig.3 . Generally the hydraulic conductivity obtained its lowest value on the wet side of compaction, especially at +2% OMC for most of the specimen. Beyond +2' OMC and before +2% OMC there is generally an increase in hydraulic conductivity values. The increasing molding water content facilitates deflocculating of the particle structure, reducing the void. This is in conformity with other research works (Lambe, 1959; Mitchell et al., 1965; Acer and Oliver; 1989 , Garcia -Bengochea et al,. 1979 Benson and Daniel, 1990; Osinubi and Nwaiwu, 2006) . Increasing molding water content from the dry to the wet side affects the hydraulic conductivity.
The variations of hydraulic conductivity with water content as shown in Fig.3 , The result obtained for the untreated black cotton sample compacted between -2 to +4% OMC. British Standard light and West African standard gave satisfactory hydraulic conductivity values less than 1×10 -9 m/s Eberemu 2007 and Nwaiwu, 2006; Osinubi and Eberemu, 2009b) . These minimum specified values were obtained at molding water contents of 23.3 -29% and 19-25% respectively. The maximum permissible values were obtained at 25.1% and 23% molding water contents respectively.
At 4% CKD treatment satisfactory hydraulic conductivity were obtained values indicating that CKD has filled the air voids present in the black cotton. The molding water contents of 21.2 -27.2%, at BSL and molding water content of 18.6 -24.6% at WA energy level.
Furthermore, at 8% and 12% CKD treatments satisfactory hydraulic conductivity values were obtained. Above the 12% CKD treatment insignificant molding water range was obtained for WA energy level. This could be as a result of the CKD displacing the clay contents & fines in the specimen, thus making specimen incapable of satisfying the hydraulic conductivity specification values based on researches which have specify minimum clay content of 15% & 30% fines (Daniel, 1993b; Benson et. al., 1994) for specimens of soil samples that will yield acceptable hydraulic conductivity values; (Benson et.al. 1994) . Generally higher compactive efforts yield better results which are consistent other research works (Eberemu, 2007; Osinubi and Nwaiwu, 2006; Osinubi and Eberemu, 2009b.) . Daniel and Wu (1993) , Tay et al.(2001) suggested that cracking do not likely occur in soil liners when compacted cylinders of the same soil undergo less than about 4% volumetric shrinkage strain (VSS) upon drying. The (VSS) showed great variation with molding water content as shown in Fig. 5-6 . Generally as the CKD content increased for each energy level there is a decline in the volumetric shrinkage strain. Specimen compacted at greater moulding water content shrank more during drying which is consistent with the results of Daniel and Wu (1993) , Albereachet and Benson (2001) . The reasons for this is not farfetched because dry shrinkage in fine grained soils according to Mitchell (1976) depends on particle movement as a result of pore water tension developed by capillary menisci;
Volumetric Shrinkage Strain: Researchers such as
The specimen compacted between -2% to +4% of the OMC failed to produced satisfactory results up to 12% CKD treatment at BSL compactive effort. However, at 16% CKD and molding water content of 15.8-17.9% an acceptable result was achieved for BSL compactive effort. Specimens compacted between -2% to +4% of the OMC for WAS compactive effort produced satisfactory VSS values at CKD treatment content of 12 and 16%. These satisfactory VSS limiting values were attained at molding water contents of 15.6-21.6% and 13.3-19.3% respectively. Generally, a decrease in the volumetric shrinkage strain was observed with increasing CKD treatments for both BSL and WAS energy levels; this can be attributed to the pozzolanic input of the CKD which reduces the fine grained soils. Coarser fractions of soils are formed due to the formation of bonds and thus VSS values are reduced (Liman, 2009 ). Furthermore, a decline in the volumetric strain is observed at OMC with increasing CKD content. This is largely attributed to the pozzolanic input of the pozzolana (Osinubi and Steven, 2007; Liman, 2009; Osinubi and Eberemu, 2009b) .
Unconfined Compressive Strength: The variations
of unconfined compression test values with water content are shown in Fig.7-8 . Daniel and Wu (1993) arbitrarily selected a minimum of 200kN/m 2 to support the maximum bearing stress in a landfill even though, the minimum required strength of soil to be used in compacted soil liners is not specified. The strength of the untreated black cotton soil decreases with increasing molding water content. As the molding water content increases electrolyte concentration is reduced, leading to an increased diffused double layer expansion and the distance between clay particles as well as the distance between the alumina-silicate unit layers increases, resulting in a reduction of both the internal friction and cohesion (Seed and Chanlasa; Daniel and Wu 1993 Taha and Kabir 2003 , Taha and Kabir 2005 Nwaiwu, 2004; Osinubi et al., 2006a) . However, treated samples recorded slight variations due to the fact that for any pozzolana there is an optimum mix of water to produce maximum strength as has been observed by previous researchers (Osinubi et al., 2007a; Osinubi et al., 2008) The minimum UCS value specified by Daniel and Wu, (1993) were not satisfied for the untreated black cotton soil. The trend of the untreated black cotton soil is consistent with other research work on soils (Daniel and Wu, 1993; Tahar and Kabir, 2003; Osinubi and Nwaiwu, 2006; Ijimdiya, 2009 (Daniel and Wu 1993) . However for samples treated at 16% CKD for both energy levels, slight deviations in pattern were observed, such that on the dry side of optimum, specimens failed to satisfy the minimum specified UCS value. This trend is similar to those reported by Eberemu (2007) . This behavior is attributed to the incomplete hydration reaction of the pozzolana as a result of insufficient water.
Acceptable Zones: Liners and covers design involves the satisfaction of several parameters: hydraulic conductivity; shear strength, and; volumetric shrinkage stain. Daniel and Benson (1990) , developed a relationship between the dry density and molding water content that will satisfy the three parameters. For the hydration conductivity the acceptable limit was set at less or equal to 1 × 10 -9 m/s, the volumetric shrinkage strain was set at a value of less or equal to 4% and the unconfined compressive strength value is set at 200kN/m 2 or more the compaction plane was arrived at by using the average shrinkage strain test specimens. Finally, after an acceptable zone for each of the parameters has been established at each CKD treatment by superimposing the various acceptance zone of each of the parameter, an overall acceptance zone is determined from the various acceptance zone of each of the individual parameter to produce an overall acceptance zone that covers all the specification requirements of the three individual parameters. The acceptable ranges for BSL and WAS energy levels have been presented in table 3 and 4 
OAR -Overall Acceptable Range
Overall acceptable zone: The design of liners and cover in waste containment facility involves arriving at a convergence of molding water content of three important design parameters. At this range of molding water content the regulatory specified values of the hydraulic conductivity, unconfined compressive strength and volumetric strain shrinkage must be met. Thus, an overall acceptance zone of molding water content and maximum dry density satisfactory for all the design parameters is produced (as shown in Fig.9 and 10).
The satisfactory treatment level of CKD treated black cotton soil that gave an overall acceptance range for all the three established criteria were achieved at 12% CKD for BSL and 12% and 16% CKD. And they were achieved at a molding water content range of 16.7-21.6% and 17.2 -19.2% respectively.
Conclusion and recommendation:
The suitability of cement kiln dust for treatment of black cotton soil in waste containment facility produced successful results. There were changes in the index properties of the cement kiln dust treated black cotton soil specimen. However, the MDD generally increased with increasing CKD content while the OMC decreased with increasing CKD content.
Specimens were compacted at -2%, 0% +2% and +4% of the optimum moisture content at the energy levels of British standard light and West African standard compactive effort. in other to determine a suitable acceptance zone for the three important parameters (Hydraulic conductivity, Unconfined compressive strength and volumetric shrinkage strain). An assessment to produce a converging MDD and OMC that will produce covers and liner that meets the specification requirements of widely accepted standards of the three important parameters were designed. Hydraulic conductivity produced acceptable results at both BSL and WAS compactive efforts. Generally, a decline of hydraulic conductivity with increasing molding water content and increasing compactive energy level were observed.
For the UCS, the result show a general improvement in strength for up to 16% CKD treatment this is largely as a result of the pozzolanic input of CKD which produced stronger bonds. Treated black cotton soil produced improved volumetric shrinkage strain values at both BSL and WAS compactive efforts. But regulatory minimum VSS values were achieved only at 12% CKD for BSL, while 12% and 16% CKD treatment produced successful results for WAS compactive effort.
Finally, the recommended overall acceptance zone that produced a convergence of the specification requirements of the three most important parameters for the design of liners and covers were achieved at 12% CKD and 16% CKD treatment of black cotton soil at BSL and WAS compactive effort, and at molding water content ranges of 16.7-21.6% and 17.2-19.2 respectively.
